Introduction
Many papers have appeared, which describe the preparation and properties of coordination com pounds of charged bidentate oxygen-donor ligands like /3-diketonates. Less attention has been given to the complex forming properties of neutral bidentate oxygen-donor ligands, probably as a consequence of the much poorer donor properties of such hgands compared to anionic bidentate oxygen-donor ligands and bidentate nitrogen-donor ligands.
In this laboratory we have developped a method for synthesizing m etal(II) solvates* of ligands with poor donor properties, nitromethane MC12 + 2 InCl3 + 3 M P H --------------------> [M(MPH)3] 2+(InCl4)2-the principle of this method being th a t no otherstronger1 -ligands are present and th at the large anion induces the complete solvation of the metal(II) ion by ligand molecules.
H itherto no coordination compounds of dimethyl phthalate (MPH) have been reported. This work is part of our investigations on the existence of co ordination compounds of weak hgands1-4. 
Experimental
Most of the divalent metal chlorides were available as hydrates. Dehydration was effected by heating them at 150 °C in a stream of dry HC1 gas. Iron(II) chloride and indium(III) chloride were prepared after B r a u e r 5. Nitromethane and 1,2-benzenedicarboxylic acid dimethyl ester were used after storage over anhydrous calcium sulphate. The com plexes were prepared by stirring a m etal(II) chloride, and dimethyl phthalate in the ratio 1:2:3 in nitro methane under anhydrous conditions a t room temperature. For the nickel compound excess nickel(II) chloride was used, which, after completion of the reaction, was removed in a centrifuge. In all cases a clear solution was obtained. After concentrat ing the solution by evaporation in vacuo, the resulting viscous solution was stored a t -15 °C. Very slowly (from a few days to several weeks) crystals started to separate. These were collected on a glass filter and washed with sodium-dried w-pentane. All compounds decompose when in contact with water. All handling operations were therefore carried out in a P 2Os-dried atmosphere.
Diffuse reflectance spectra in the visible and near infrared region were recorded on a Beckman DK-2 spectrophotometer using the standard reflectance attachment. Infrared spectra were recorded on a Unicam double beam spectrophotometer, type SP 1200, in the 4000-400 cm-1 region and on a Perkin Elmer double beam spectrophotometer, type 225, in the 600-200 cm-1 region for Nujol mulls between CsBr discs. The m etal(II) and indium (III) contents of the compounds were determined by complexometric titrations as described by S c h w a r z e n b a c h 6. Chloride wras determined by the Volhard method, as described by V o g e l 7. N o nitromethane was detectable in the solid compounds by infrared measurements.
Results and Discussion
In Table I seven new coordination compounds of dimethyl phthalate are listed with colours and analytical data. From the stoichiometry of the compounds a first indication is gained th at the m etal ions are hexacoordinated by the bidentate dimethyl phthalate ligands.
In the far infrared spectra of all compounds a strong absorption band is present a t 328 cm-1. This band is characteristic for the tetrahedral InCLrio n 2*8.
H itherto no assignment of the infrared vibrations of dimethyl phthalate has been reported, but, nevertheless, some comment on the infrared spectra of dimethyl phthalate and its complexes can be given: The C = 0 stretching vibration (see Table II) shifts to lower frequencies with regard to the free ligand. The magnitudes of the shifts of this vibration lie in the order Ca < Mn < Fe < Co < Ni > Zn. This sequence parallels the sequence in electronegativity, which is known as the Irving-Williams sequence9. This implies th a t the coordination of the ligand to the metal ions occurs through the carbonyl oxygen atom s2-3>10.
The band of dimethyl phthalate a t 361 cm-1 (see Table II ) shifts to higher frequencies upon complexation. The magnitudes of the shifts again follow the Irving-Williams sequence. This behaviour suggests th a t this absorption band is due to the carbonyl bending vibration2-4-u . R ather strong coupling of this vibration with metal-ligand vibra tions apparently occurs, as is indicated by the position of this band in the Mg compound.
In the far infrared a metal-dependent absorption band appears, which does not stem from a ligand or from an anion vibration. The position of this band in the complexes (see Table II ) lies in the Irving-Williams order, and is highest in the Mg compound. This band m ust be due to the species M(ligand)32+. Therefore we tentatively, assign this band to the metal-oxygen stretching vibration. The infrared spectra of the complexes all show the same pattern of bands and relative intensities. This means th at the solid compounds are largely isomorphous.
The reflectance spectrum of the iron compound in the visible and near infrared shows one asym metrical band, apparently consisting of two com ponents about 1800 cm-1 apart. This m ight well be caused by a Jahn-Teller splitting of the upper 5E g level12. The reflectance spectra of the cobalt and nickel compounds are typical for octahedral co ordination. Accordingly (see Table III the following spectrochemical sequence is obtained: ethyl acetate < dimethyl phthalate < diethyl malonate11-15. The higher Dq-values for dimethyl phthalate and diethyl malonate compared to ethyl acetate can be attributed to the "chelate effect," by which extra stability is gained from the formation of the chelate ring. The observation, th a t the Dq-value of dimethyl phthalate is lower th an th a t of diethyl malonate, can be accounted for by realising th a t the stabilities of similar chelate systems (where resonance does not produce pseudo-aromatic systems) decrease in the order five-> six-> seven-membered ring system.
The melting points of the compounds lie in an order which is just the reverse of the order of the ionic radii of the metal ions, denoting th a t the dimensions of the metal ions are an im portant factor in the determination of the lattice energy of these solid complexes.
Conclusions
The existence of metal (II) solvates with dimethyl phthalate as the bidentate chelating ligand has been proved. These complexes can be synthesized quite easily when moisture is thoroughly excluded.
From the similarity in the patterns of the infrared spectra of the compounds and from the ligand field spectra of the cobalt and nickel compounds, it is deduced th a t the metal ions are in a regular octa hedral environment of six oxygen atoms.
